Background: Medicinal plants are important source of drugs with pharmacological activities. Therefore, there is always rising demands to discover more therapeutic agents from various species. Orthosiphon stamineus, Gynura procumbens and Ficus deltoidea are high valued medicinal plants of Malaysia contain rich source of phenolic and flavonoid compounds. The aims of the present study were to evaluate antioxidant, antimicrobial and anti-proliferative effects on A549, HeGP2 and MCF7 cell lines of four different extracts of Orthosiphon stamineus, Gynura procumbens and Ficus deltoidea. Methodology: The leaves of all selected plants were extracted with methanol, chloroform, ethyl acetate and butanol separately with simple cold maceration. Antioxidant activity of all crude extracts were quantitatively measured against DPPH and Ferric Reducing Assay. Antimicrobial evaluation was done by Microdilution and MTT assay and antipoliferative activity of all extracts of selected plant were evaluated against A549, HePG2 and MCF7 cell lines. Results: Results showed that methanol extract exhibited highest percentage free radical scavenging activity of almost all extracts of selected plants. Antimicrobials results showed chloroform and methanol extracts of O. stamineus extract were the two most active extracts against resistant MRSA but not S. aureus. Only methanol extract of G. procumbens showed antimicrobial activity against the tested pathogens. Chloroform and methanol extracts of F. deltoidea elicited antimicrobial activity against S. aureus but not MRSA. Antiproliferative activity against three tested cell lines results showed that ethyl acetate extract of O. stamineus showed good effect whereas methanol extract of F. deltoidea and G. procumbens exhibited good antiproliferative activity. Conclusions: The results of the present investigation demonstrated significant variations in the antioxidant, antimicrobial and antiproliferative effects of different solvent extracts. These data could be helpful in isolation of pure potent compounds with good biological activities from the extracts of plants.
Introduction
The nature provides plenty of herbs and plants which serve as the leading source of traditional medicines that can be used to relief many different types of illnesses. The usages of these plants are continuously increasing day by day because of effectiveness and less side effect as compared to current synthetic drugs. To date, there is still increased demands for discovery of novel agents from various species of medicinal plant (Al-Daihan et al., 2013) . Cancer causes about 12.5% deaths of the total population (Balouris et al., 2016) . It is increasingly recognized that cancer is associated with oxidative stress which arises from an inequity between the https://doi.org/10.1016/j.sjbs.2019.11.003 1319-562X/Ó 2019 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/). progress and counterbalancing of prooxidants. The high content of free radical species causes oxidative damage, consequently in a cascade of degradative effects that contribute to human diseases which includes cancer. Research is still on going for investigation of potent natural compounds from plants with good antioxidant activity (Shaikh et al., 2014; Bagchi et al., 2000) .
In spite of advances in antibiotic therapy, infectious problems remain a vital cause of death and illness amongst hospitalized patients. Currently there is great interest in developing new antimicrobial agents from natural sources to fight against microbial resistance. Antibiotic resistance is a serious problem that affects the healthcare sector in both developing and developed countries. In fact, presence of multidrug-resistant (MDR) bacteria in hospital and community remains an extensively unanswered problem and a substantial load to health services. To address this problem, it is essential to control the use of antibiotics, to elucidate mechanisms of resistance and eventually to develop new therapeutic entities (Balouiri et al. (2016) ; Aslam et al., 2018; Duin and Paterson, 2016) .
Testing of compounds and screening of raw plant extracts are necessary. There is always demand of natural products of the highest efficacy and lower side effects (Rafieian-Kopaie and Nasri, 2015; Lachenmayer et al., 2010) . The selected plants O. stamineus, G. procumbens and F. deltoidea are found to contain valuable phenolic and flavonoid content, that are responsible for various pharmacological activities. As literature showed, all three selected plants contain different categories of chemical constituents in different solvent extracts due to difference in polarity of solvent (Choo et al., 2012 , Algariri et al., 2013 Ashraf et al., 2018; Ashraf, 2019; Yam et al., 2008) . Thus, it may exhibit different kind of biological activities. So it is interesting to identify the solvent extract which could show good and effective biological activities. This study aims to evaluate and screen three Malaysian key plants O. stamineus, G. procumbens and F. deltoidea for their antioxidant, antimicrobial and antiproliferative effects.
Materials and methods

Materials
Antibiotics, broth and chemical reagents
Luria Bertani (LB) broth was obtained from Himedia (Mumbai, India). The antibiotics, ampicillin and vancomycin, were supplied by Merck (Darmstadt, Germany) and Naqalai Tesque (Kyota, Japan), respectively. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte trazolium bromide (MTT) was obtained from Merck (Darmstadt, Germany). Dimethyl sulfoxide (DMSO) was acquired from Fisher Scientific (Leicestershire, UK). a,a-diphenyl-b-picrylhydrazyl (DPPH) were purchased from Sigma-Aldrich Co. (St Louis, MO, USA). All other chemicals and reagents used were of AR grade and were obtained from commercial sources.
Pathogenic bacteria cultures
The pathogenic bacteria that were used in this study included the gram-positive Staphylococcus aureus (ATCC: 6538) and their resistant strain, methicillin-resistant S. aureus (MRSA, ATCC: 33591) . The bacteria cultures were obtained from the culture collections of the CDDR Laboratory, Faculty of Pharmacy, UiTM, Puncak Alam Campus, Selangor Branch. The cultures were sub cultured three times prior to experimental use.
Cell culture
All cell lines used were obtained from American Type Culture Collection (ATCC, Manassas, Virginia). Lung adenocarcinoma cell line (A549) was cultured in Roswell Park Memorial Institute 1640 (RPMI-1640), while hepatocyte carcinoma (HepG2) and breast adenocarcinoma (MCF7) cell lines were cultured in Dulbecco modified Eagle medium (DMEM) . All the cultures were supplemented with 10% (v/v) fetal bovine serum. The culture medium was changed twice a week and the cultures were passaged weekly.
Plant material and extraction
The leaves of Orthosiphon stamineus, Gynura procumbens and Ficus deltoidea were purchased from local market, Malaysia. The leaves were dried in the shade for 5 days and then powdered with a grinder (Panasonic MX-AC400W). About 50 g of the powdered leaves of selected plants were macerated in 500 mL of methanol, butanol, chloroform and ethyl acetate solvent for 48 h separately with occasional shaking. The extracts were collected after filtration using Whatman no: 1 filter paper and extracts were concentrated to dryness under reduced pressure using a rotary evaporator (Heidolph Hei-VAP Expert).
Determination of total phenolic content (TPC)
The total phenolic content in the extracts was estimated based on Folin-Ciocalteu method but with modifications (Noreen et al., 2017; Ashraf et al., 2018) . Calibration curve for the reference standard was plotted with gallic acid. Briefly, 1 mg/mL plant extract (0.5 mL) was mixed with 5 mL of the Folin-Ciocalteu reagent (10 times diluted with de-ionised water) and were neutralised with 5 mL of sodium carbonate solution (7.5%, w/v). The reaction mixture was incubated at room temperature for 30 min and absorbance was read at 760 nm. The amount of total phenolics was calculated as gallic acid equivalent (GAE) in mg per g of dry weight (DW).
a,a-diphenyl-b-picrylhydrazyl (DPPH) radical scavenging activity
The free radical scavenging activities of all four extracts methanol, chloroform, ethyl acetate and butanol were determined by a,a-diphenyl-b-picrylhydrazyl (DPPH) assay, as described by Noreen et al. (2017) and Amir et al. (2013) but with modification.
Briefly, 200 lL extracts (25-400 lg/mL) were mixed with 3.8 mL DPPH (0.1 mM) solution and incubated in the dark at room temperature for 30 min. Blank solution was also prepared. The absorbance was read at 517 nm. Ascorbic acid was included as positive control. Free radical scavenging activity (%) was calculated using the formula [(A o -A t )/A o )] Â 100; where by A o = Absorbance of control and A t = Absorbance of samples.
Ferric reducing power assay
The ferric reducing power activity of methanol, chloroform, ethyl acetate and butanol extracts were evaluated using Ferric Reducing Assay (Amir et al., 2013) , but with modifications. Briefly, 1 mL (125-1000 lg/ml), 2.5 mL 0.2 M sodium phosphate buffer (PH 6.6) and 2.5 mL 1% potassium ferricyanide solution were mixed, vortexed and incubated at 50°C for 20 min after which added, 2.5 mL of trichloroacetic acid (10%) was added and the mixture was centrifuged at 3000 rpm for 10 min and finally (2.5 mL) deionized water and 0.1% ferric chloride (0.5 mL) were added to supernatant. The developed colored solution was read at 700 nm against the blank using spectrophotometer. Ascorbic acid was used as the positive control. The reducing power of the samples were compared with the reference standard.
Microdilution and MTT assay
The density of pathogenic bacteria was standardised to 0.5 McFarland standard (1 Â 10 8 CFU/mL) before being seeded (100 mL) onto the 96 flat bottom well plate and treated with extracts (0.01-100 mg/mL). Ampicillin (10 À8 -10 À4 mg/mL) and vancomycin (10 À4 -1 mg/mL) were included as the positive controls for S. aureus and MRSA, respectively. The treated bacteria were incubated at 37°C for 24 h after which the MTT assay was performed in accordance to Grela et al. (2018) , but with minor modifications. Briefly, 50 mL 0.5 mg/mL MTT solution was added onto each well before incubation at 37°C for 2 h. The plate was centrifuged at 950g for 5 min. The supernatant was removed and 100 mL DMSO was added. The plate was shaken for 5 min before being subjected to measurement of absorbance at 570 nm using a microplate reader (Tecan Infinite M200, Männedorf, Switzerland). The readings were used to plot the dose-response curves.
In vitro cytotoxic activity
Dry methanol, ethyl acetate, chloroform and butanol extracts were dissolved in dimethyl sulphoxide (0.5% DMSO) to obtain appropriate solutions of the extracts. 0.5% DMSO was used for all extracts and control solution. O. stamineus, G. procumbens and F. deltoidea (methanol, chloroform, ethyl acetate and butanol) extracts were tested for in vitro cytotoxicity against A549, HePG2 and MCF-7 cells by MTT assay (Coligan et al., 1992; Lee Peter and Houghton, 2005) . Briefly, each cell line was seeded at a density of 10,000 cells/well and incubated in a CO 2 incubator at 37°C overnight to allow the cells to adhere to the plate. Cells were treated with extracts (50-1000 mg/mL) for 24 and 48 h. 100 lL of MTT (0.5 mg/mL) was added to each well. The formazan produced was solubilized in DMSO and absorbance was read at 540 nm using an ELISA micro plate reader. The percentage of inhibition (%) was calculated according to the following formula:
Cytotoxicity was expressed as IC 50 value the concentration required to inhibit 50% of the cancerous cell.
Statistical analysis
All the cytotoxicity experiments were repeated at least three times. Statistical analysis was performed using one-way ANOVA. A p-value of less than 0.05 was considered as statistically significant. Fig. 1 shows the radical scavenging effects of methanol chloroform, ethyl acetate, butanol at different concentration. The antioxidant activities of the extracts were compared to ascorbic acid. Methanol extract showed the highest scavenging activity. The 0radical scavenging effect of the methanol extract seemed to be comparable to that of ascorbic acid at concentration 100 mg/mL. The scavenging activities of other extracts were in the order of ethyl acetate > butanol > chloroform (Fig. 1Ai ).
DPPH radical scavenging activity
For G. procumbens, methanol extracts exhibited highest DPPH radical scavenging activity than other extracts similar to O. stamineus. Ascorbic acid showed the highest scavenging activity when compared to extracts at all concentration (except methanol at 200 lg/mL) (Fig. 1Bi ).
For F. deltoidea, methanol extract also showed highest scavenging at 400 mg/mL (85.41%) when compared to other extracts. Butanol extract showed poor scavenging activity (Fig. 1Ci ).
Reducing power assay
Neutralisation of radicals happens once antioxidant donate an electron to free radicals. Reducing power ability of the extract was measured when Fe 3+ is converted to Fe 2+ . (Gomes et al., 2012) . The intense Prussian blue colour complex was measured at k700nm. The strong antioxidant activity reported may be due to presence of phenolic and flavonoid compounds. Strength of antioxidant power is directly related to absorbance of reaction mixtures. All extracts showed concentration-dependent reducing power. Increase in absorbance indicated increased antioxidant activity. Greater absorbance value indicated stronger reducing power of the extract. All four extracts of selected three plants showed similar increasing fashion of reducing power with increase in extract concentrations. Methanol extract showed the highest reducing power when compared to other extracts (Fig. 1Aii) .
For G. Procumbens, Methanol extract exhibited the highest reducing power when compared to other extracts. Butanol extract exhibited the least reducing power. This result was also confirmatory to the results of DPPH assay (Fig. 1Bii) .
Remarkably, extracts of F. deltoidea also follow the same pattern of reducing power assay as G. procumbens in the order of methanol extract exhibited highest reducing power whereas butanol extract exhibited least reducing power (Fig. 1Cii ).
Antimicrobial activity
3.4.1. Antimicrobial effects of O. stamineus, F. deltoidea and G. procumbens extracts against S. aureus and MRSA F. deltoidea extract was more selective towards S. aureus than MRSA. Whilst 100 mg/mL chloroform and methanol extracts of F. deltoidea inhibited S. aureus by 20% ( Fig. 2Aii ) and 16% (Fig. 2Aiv) , respectively, the extracts, in general, showed no antimicrobial activity against MRSA. As for G. procumbens, only the methanol extract was effective against the pathogens. It was found that 100 mg/mL methanol extract of G. procumbens inhibited S. aureus by 42% (Fig. 2Biv ), 6-times greater than that against MRSA, the resistant strain (by 7%; Fig. 2 Biv 0 ). Interestingly, O. stamineus extract was more selective towards the resistant MRSA than S. aureus. Whilst the extracts, in general, did not inhibit S. aureus growth, 100 mg/mL O. stamineus extract was effective against MRSA, with chloroform extract eliciting the greatest inhibition (35%; Fig. 2Cii 0 ) , followed by methanol (26%; Fig. 2Civ 0 ) , butanol (15%; Fig. 2Ci 0 ) and ethyl acetate (8%; Fig. 2Ciii 0 ) extracts. Ampicillin yielded an IC 50 (concentration required to inhibit 50% pathogens) of 0.0014 mg/mL against S. aureus whereas vancomycin yielded an IC 50 of 0.7272 mg/mL against MRSA. Given that 100 mg/mL extract contained only 0.1% DMSO, the vehicle of the extract did not act as confounding factor of the antimicrobial effect against the pathogens.
Cytotoxic activities of extracts
The extracts resulted in decrease cell viability and cell growth inhibition in a dose dependent manner. For O. stamineus, methanol extract had more than 90% cell viability (125 lg/mL) after 24 and 48 h exposure against A549, HePG2 and MCF-7 cell lines ( Fig. 3A. i, ii, iii, iv, v, vi) . Interestingly, ethyl acetate extract showed comparatively good antiproliferative effect (IC 50= 81.92, 61.47 and 65.28 lg/mL) against A549, HePG2 and MCF-7 cancer cell lines, respectively after 48 h of treatment (Fig. 3A. iv, v, vi) . Chloroform showed antipoliferative activity (IC 50= 256.5 and 116.4 lg/mL) against MCF7 cell line after treatment for 24 and 48 h. Table 1A -C shows the antiproliferative activity (IC 50 value) of all extracts tested on A549, HeGP2 and MCF-7 cancer cell lines. For G. procumbens methanol extract was found to show good antiproliferative effects as compared to other extracts. IC 50 value of methanol extract against all three A549, HeGP2 and MCF-7 cell line at 24 and 48 h treatments were 538.2-486.5 lg/mL, 414-411.5 lg/ mL and 326.9-375.3 lg/mL, respectively (Fig. 3B. i, ii, iii, iv, v, vi) . F. deltoidea extracts also showed antiproliferative activity in dose dependent manner. Butanol and ethyl acetate extracts were almost ineffective against all three cell lines tested (IC 50 value > 1000 lg/ mL). Methanol extract yielded quite good result after 48 h of treatment against all three cell lines ( Fig. 3C. i, ii, iii, iv, v, vi) .
Morphological changes
Confocal microscopic images of treated cells showed that the treatment with the extracts resulted in dramatic morphological changes in A549 and HepG2 cell lines after 24 h. Morphological changes of cells from epithelial-like shape to spindle and rounded shape were observed. Cells treated with high concentration of extracts caused cytoplasmic condensation, shrinkage, reduction in size and tendency to float in the medium after extracts treatment for 24 h compared to control. Taken together, the extracts induced morphological changes in a dose dependent manner (Fig. 4 A-E) .
Discussion
In the current study, results showed that solvent extracts play very important role in exhibiting the biological activities. In the case of antioxidant activity, it was found that antioxidant and total phenolic content (TPC) depends on the polarity of solvent. The Fig. 3 (continued) results indicated that antioxidant and TPC were highest in methanol extract of almost all selected plants as compared to other extracts. The reason could be due to phenolics are polar in nature. Polar solvents such as methanol could solvate polar solutes and ions more efficiently and orient themselves towards the solute through electrostatic attraction. In other words, phenolics and flavonoids could dissolve better in the polar solvents (Zhang et al., 2016) . Our finding is also in accordance with Ong et al. (2011) whereby methanol extract of F. deltoidea exhibited the highest phenolic content followed by chloroform and hexane extract.
Our present finding of G. procumbens are also in line with previous finding. Kaewseejan and Siriamornpun (2015) have reported that G. procumbens extracts could show antioxidant capacity and reductive ability. It was also found that reducing power assay and DPPH, follows the same pattern of scavenging for different extracts. In both the cases, methanol solvent extract showed greater activity. Previous study by Rosidah Yam et al. (2009) also stated the direct correlation of free radical scavenging and reducing capacity of G. procumbens plant extract. Another results also revealed the reducing power assay of G. procumbens (Prior et al., 2005) . A study by Teoh and his fellows also showed that methanol and its fractionated hexane, ethyl acetate and water extract also exhibited good total phenolic content, antioxidant power, cytotoxicity. Result showed that out of all extracts, ethyl acetate exhibited good antioxidant and antiproliferative effect (Teoh et al., 2013) . In another experiment, three different extracts hexane dichloromethane and methanol of G. divaricata leaves were chosen for the evaluation of the antioxidant, cytotoxicity of the essential oil. The extract showed good antiproliferative effect of essential oil against KB, MCF-7 and NCI-H187 cancer cell lines (Jiangseubchatveera et al., 2015) . It also revealed inhibition of tongue carcinogenesis and prevent osteosarcoma cancerous tumour in a bone (Li et al., 2017) . Algariri et al. (2013) also found the reduction of cytochrome P-450 enzymes such as CYP3A4, Fig. 3 (continued) CYP1A2, and CYP1A1 cytochrome P-450 by G. procumbens. It can also hinder the start phase of carcinogenesis by rouse the expression of glutathione-transferase as it helps in detoxification of carcinogenic compounds.
Antimicrobial assay of theses extracts, produced very interesting results. In the case of F. deltoidea, the present findings indicated chloroform and methanol extracts to be effective against S. aureus but not MRSA. It was reported that chloroform extract of F. deltoidea leaves did not inhibit S. aureus but methanol extract of the leaves inhibited the pathogens with an inhibition zone diameter of 7.0 ± 0.1 mm (Uyub et al., 2010) . Elsewhere, methanol extract of whole F. deltoidea significantly inhibited the growth of S. aureus, forming a wide inhibition zone of 15.67 ± 0.58 mm and lowest minimum inhibitory concentration (MIC) value of 3.125 mg/mL (Abdsamah et al., 2012) . As for G. procumbens, the present study found methanol extracts to be more effective against S. aureus than MRSA. It was reported that 400 lg/disc crude methanol extracts of G. procumbens leaves showed no activity against S. aureus (Mustafizur Rahman and Al Asad, 2013). Recent findings, however, reported otherwise whereby 100 mg/mL methanol extracts of G. procumbens leaves yielded inhibition zone of 8.0 ± 0.03 mm against S. aureus (Nawi et al., 2019) . Interestingly, the current study found chloroform and methanol extracts of O. stamineus to be the two most active extracts against resistant MRSA but not S. aureus. Previous studies (spot test), however, found no activity of 50 mg/mL methanol O. stamineus whole plant extract against S. aureus ATCC 25,923 and MRSA ATCC 43300. Nevertheless, subsequent microdilution method indicated MIC of 12.5 mg/mL against S. aureus and MIC of 25 mg/mL against MRSA (BM3, WM2, K32 and K52) (Md Nor and Mohd Yasin, 2018). The positive controls, ampicillin Fig. 3 (continued) and vancomycin exhibited more potent antimicrobial activities when compared to the plant extracts. Previous studies reported MIC 0.25 mg/mL for ampicillin against S. aureus (Pengov and Ceru, 2003) and MIC < 2 lg/mL for vancomycin against MRSA (Aminzadeh et al., 2014) .
As O. stamineus extract contains valuable compound flavones and vitamin E, this may be helpful in showing secondary chemical evidence for the cytotoxic efficacy and antioxidant potential. Because of presence of phenolic and flavonoid constituents, O. stamineus extract could help in arresting the growth of cell proliferations. In vitro MTT assay result exhibited that ethyl acetate extract of the of O. stamineus has produced good antiproliferative effect as compare to other extracts tested. Additionally, similar earlier studies have also support our present finding (Akowuah et al., 2005a,b) . Extraction method and solvent extract plays very significant role in determining the strength of free radical scavenging ability of extract (Hossain et al., 2015) . Salleh et al., (2011) have studied the ethyl acetate fraction of O. stamineus and found good anti proliferative growth of human hepatocellular carcinoma cell line (HepG2). Stampoulis et al. (1996) also reported the cytotoxic activity of methanolic extract of O. stamineus leaves against liver metastatic colon 26-L5 carcinoma cells. In an another experiment, Awale et al. (2002) studied an isolated compound of Japanese O. stamineus and reported the good antiproliferative effect on liver metastatic murine colon 26-L5 carcinoma and human HT-1080 fibrosarcoma cell lines. Their outcomes are also in agreement with our current finding. Our results are also in accordance with results of Sahib et al. (2009) A & B) , methanol extract of G. procumbens (C & D) and F. deltoidea (E & F), respectively. The cells were incubated with indicated concentration of the extract for 24 h, and then visualized by light microscopy. evaluated cytotoxicity study of G. procumbens extracts on human normal colon cells (CCD-18Co) and reported very low toxicity of ethylacetate against CCD-18Co normal colon cells.
Conclusions
Altogether, methanol extract provides excellent free radical scavenging activity in all three selected plants. This could be significant source of natural antioxidant.
MTT assay used in this study, is a simple, standard colorimetric assay (an assay which measures changes in color) for measuring cellular proliferation (cell growth). Ethyl acetate of O. stamineus have good property of antiproliferative effect where as methanolic extract of F. deltoidea and G. procumbens showed comparatively good results against selected cell lines. Chloroform and methanol extracts of F. deltoidea elicited antimicrobial activity against S. aureus but not MRSA. Only methanol extract G. procumbens showed antimicrobial activity against the tested pathogens. Chloroform and methanol extracts of O. stamineus extracts were the two most active extracts against resistant MRSA but not S. aureus. This collected information could help in isolation of pure compounds of more potent pharmacological activity.
